Evidence suggests sedentary behavior (SB) negatively impacts the health of adults but less is known about SB impact on older adult (OA) health. Seventy OA (73.4±6years) living in the southeast region of Wisconsin, United States of America (USA) completed three SB diaries and had risk factors associated with cardiovascular disease (CVD) assessed. Sedentary behaviors were quantified as time spent in sitting/lying activities. Pearson correlation coefficients, independent samples t-tests, and one-way ANOVA were performed to explore the relationship between SB and health. Older adults engaged in 620.3±91.2mins/d of SB with television watching (144.3±99.8mins/d) being the most prominent. Total SB and television watching were correlated to multiple risk factors for CVD (r=-.241-.415, p=.009-.027) and these variables worsened as OA spent more time in those activities. Television watching was the only SB that increased across risk categories of CVD [F (2,67) =4.158, p=.020, eta squared=.11]. These results suggest SB, especially television watching to be related to risk factors of CVD in OA.
Introduction
It is well established that physical activity, across all age groups, is positively associated with a reduction in cardiovascular disease (CVD), stroke, hypertension, type II diabetes, osteoporosis, obesity, and some cancers, and improvements in anxiety and depression (Haskell et al., 2007; Nelson, Rejeski, & Blaire, 2007) . In older adults (OA) specifically, physical activity aids in the maintenance of physical function (Fielding et al., 2007) , reduces fall risk and subsequent injury (Smulders et al., 2010) and is therapeutic for many chronic disease conditions (Hagberg, Montain, Martin, & Ehsani, 1989; Janssen & Joliffe, 2006; Kitzman, Brubaker, Morgan, Stewart, & Little, 2010) . However, it is well documented that a majority of OA do not engage in an appropriate amount of moderate to vigorous physical activity (MVPA) to reap the associated health benefits (Kruger & Kohl, 2007; Troiano et al., 2007) .
One factor that may largely contribute to a lack of engagement in health promoting MVPA in OA is an increased participation in total daily sedentary behavior (SB). Researchers have reported OA spending 11+ hours per day engaging in SB, specifically spending more than 50% of their day in sitting behaviors (Matthews et al., 2008; Grimm et al., 2009; Seguin et al., 2012; Chau et al., 2013) . In primarily younger and middle aged adults, a dose response relationship has been identified between time engaged in specific SB, such as watching television, and worsening health conditions independent of their time engaging in MVPA (i.e., impaired fasting blood glucose, obesity, elevated blood pressure, and cholesterol values), (Hu, Li, Colditz, Willett, & Manson, 2003; Healy et al., 2007; Katzmarzyk, Church, Craig, & Bouchard, 2009; Dunstan et al., 2010; Pinto Pereira, Ki, & Power, 2012) . Importantly, these health conditions are risk factors for the development of chronic disease conditions such as CVD and type II diabetes, which are highly prevalent in OA. Due to the existence of these known associations in younger age groups it is important to understand if this relationship continues with increasing age. In OA, there is a dearth of literature regarding specific SB in which they regularly participate as well as the extent to which these behaviors relate to their overall risk for chronic disease development.
Recently a self-report SB diary was developed specifically for use in OA to further explore the SB of this population in detail (Grimm et al., 2009) . The diary was designed to overcome a variety of limitations to objective SB assessment and provide additional information regarding the type and frequency of specific SB. Furthermore, this diary offers insight to information concerning enjoyment of certain behaviors, social support influences of SB, and whether OA engage in additional behaviors while being sedentary (e.g., eating).
Therefore, the purpose of the current study is to explore whether relationships exist between commonly self-reported SB specific to OA living in southeast regions of Wisconsin, USA and the health variables related to chronic disease development.
Methods

Study Recruitment and Eligibility Criteria
The participants were informed of this study through word of mouth, presentations at local senior centers, and the distribution of announcements at local businesses. Eligibility for involvement in this study included adults, 65-90 years of age, retired or no longer working in their primary profession, speaking English as their primary language, and the ability to ambulate without assisted walking devices or wheelchairs. All qualifying participants were scheduled for two laboratory visits at the University in which the study was conducted.
During the initial screening process all eligible OA were asked to describe their daily physical activity in an effort to gain a broad sample of individuals with a range in physical activity levels and potential variation in SB. Based upon their description of daily physical activity, their responses were grouped into three categories; participation in no leisure time physical activity (0-9 min/d of MVPA), insufficient leisure time physical activity (10-29 min/d of MVPA), and meeting the physical activity recommendations (≥30 mins/d of MVPA) (Nelson et. al., 2007) . Based on their descriptions of self-reported physical activity, 27.1% engaged in no leisure time physical activity, 31.4% participated in an insufficient amount of MVPA, and 41.4% met the physical activity recommendations.
Study Overview
This was a cross-sectional study, designed to examine the relationship between SB and risk factors for chronic disease development in OA. During the first study visit participants read and signed a written informed consent document approved by the University's Institutional Review Board. Eligible participants then completed a health history questionnaire and had cardiovascular risk assessed. The specific cardiovascular risk assessments, discussed in detail below, were chosen because they are commonly used to detect level of risk for the development of CVD. Lastly participants were instructed to complete three SB diaries over a one-week timeframe prior to the second laboratory visit. When participants attended the second laboratory visit they returned the diaries and underwent additional cardiovascular health assessments. Subjects were informed of their results from all assessments at the end of the second visit.
Study Methods
Visit One
Health History Questionnaire and Cardiovascular Risk Assessment
All potential study participants were required to complete a health history questionnaire. This form inquired about general demographic information, present and past health history, and current use of medications. Once the health history questionnaire was completed participants underwent anthropometric assessments of height (cm) and body mass (kg). These were measured via calibrated physician's scale and stadiometer (Detecto, Kansas City, MO). Then body height was measured to the nearest 0.1 cm and body mass was measured to the nearest 0.01 kg. From these values body mass index (BMI) was determined by dividing body mass (kg) by body height in meters squared (m 2 ). Next, a constant tension tape measure was used to assess waist circumference (cm) to the nearest 0.1 cm. This measurement was taken around the narrowest part of the torso between the lowest rib and iliac crest according to standard procedures (Lohman, 1988) . Blood pressure was assessed a minimum of two times in accordance with standard procedures to determine the risk factor hypertension (Pickering et al., 2005) .
To evaluate the chronic disease risk factor of dyslipidemia a blood draw was taken to assess the following blood lipid profiles: total cholesterol, low-density and high-density lipoprotein cholesterols, plasma glucose, and triglycerides (National Cholesterol Education Program, (NCEP), 2012). Specific directions were provided to the participants prior to their first visit. All potential participants were instructed to fast or refrain from food and caffeinated beverages for 8-12 hours. An evacuated tube method was used to draw five ml of blood into a serum separator/preservative free tube (Vacuette Greiner Bio-One, Monroe NC). Immediately following the blood draw, the blood tube rested for 30 minutes and was centrifuged for 15 minutes. After the serum separated it was removed and stored in a refrigerator until analyzed by a certified laboratory, Dynacare Laboratories (Milwaukee, WI) .
To analyze all blood lipids an OLYMPUS® System (Beckman Coulter, Inc.) was used. Total cholesterol assays were measured using a reagent that is a combination of esterase and oxidase. The coefficient of variation for the deamination of cholesterol was 1.8% for the low (116.3 mg/dL) to 2.1% for the high values (2.1% mg/dL). A series of coupled enzymatic reactions were used when triglycerides were measured and the absorbance change was proportional to the concentration of triglyceride. The coefficient of variation for this method was 2.5% for the low (100 mg/dL) to 1.2% for the high (250 mg/dL) values. To assess both the low-density and high-density lipoprotein cholesterols a two reagent homogenous system was used. The coefficients of variation were 3.39% for the low (51.99 mg/dL) to 3.84% for the high (121.79 mg/dL) low-density lipoprotein cholesterol. When high-density lipoprotein cholesterols were analyzed with the same methodology the coefficients of variation were 3.43% and 3.8% for the low (38.59 mg/dL) to high (85.09 mg/dL) values, respectively. The hexokinase G-6-PDH method was used to analyze glucose and the coefficient of variation for glucose was 1.4% for the low (65 mg/dL) to 1.2% for the high (268 mg/dL) value.
Self-Report Sedentary Behavior Diary
Each participant was provided both written and verbal instruction on the completion of three SB diaries (Grimm, Swartz, Harley, & Strath, 2011) . Specifically, the participants were asked to complete a 24-hour SB diary on three specific days during the following week, two weekdays and one weekend day (e.g., a diary was completed on Monday, Tuesday, Saturday for one participant and Wednesday, Friday, Sunday for another participant). The participants were randomly assigned which three days of the week the diaries were to be completed to ensure all days of the week were represented.
Participants were provided both written and verbal instructions that asked the participant to record a specific behavior they did during the majority of every half hour period throughout the day. Therefore, participants wrote down activities covering 48 half hour time slots for each diary completed. To further describe these behaviors, participants also had to circle whether they were sitting/lying or moving during the behavior, if they were alone during the behavior (yes/no), if they were eating during the behavior (yes/no), and to rank the enjoyment level of the behavior [1 (highly enjoyable) to 7 (least enjoyable)].
Visit Two -Cardiovascular Risk Assessment
All participants were instructed to wear minimal clothing and to be hydrated prior to the second visit. Weight for each participant was measured for a second time during this visit prior to undergoing body composition assessment via Dual Energy X-ray Absorptiometry (DXA; Lunar DPX-1, General Electric Lunar Corporation, Madison, WI). Total body fat percentage results were recorded.
Data Analysis
Self-report Sedentary Behavior Diary
All three SB diaries were examined for missing data. All activities were entered into a database and coded as a number (e.g., reading = 1, watching television = 2, reading = 3, etc.). The circling of postural information was also coded for sitting/lying or standing (e.g., yes =1, no = 0) and used to determine whether a specific behavior was truly sedentary.
Statistical Analysis
The statistical analysis was conducted with SPSS® 19.0 for Windows (SPSS, Inc., Chicago, IL). Descriptive analysis is presented as mean ± standard deviation for demographic information, health variables measured, and the time spent engaging in various self-reported SB. To better understand the relationship between health and specific SB, Pearson correlation coefficients were determined. Independent samples t-tests were conducted to determine whether gender differences arose in anthropometric, health variables, and time spent engaged in SB. One-way analysis of variance (ANOVA) were conducted to examine if there were differences in health across low, moderate, and high volumes (mins/d) of various SB and to examine whether SB related to risk for CVD. Significance for all analysis was set a priori, p<0.05.
Results
A total of 73 participants were recruited for the present study with 70 participants successfully completing the study (45 females and 25 males). All participants were retired for approximately 11.3±9.6 years and most (61.4%) volunteered for 3.2±5 hours per week, were married (52.9%), and/or lived with someone (61.4%). Participant anthropometric and overall health characteristics are found in Table 1 . Males were significantly taller, heavier, and had larger waist circumferences than women and had significantly lower body fat percentages and high-density lipoprotein cholesterol values. Almost all participants (91.4%) were taking prescription medications, primarily controlling hypertension (45.7%) and/or dyslipidemia (52.9%). According to the American College of Sports Medicine Guidelines for determining CVD (American College of Sports Medicine, 2010), 11.6%, 58%, and 30.4% of participants were categorized as low, moderate, and high risk for developing CVD, respectively. The percentages of all participant risk factors are in Table 2 . Figure 1 . OA in the present study engaged in five primary SB and these variables, including overall SB time, were further analyzed to determine if they related to cardiometabolic health. Pearson correlations coefficients demonstrating these relationships are found in Table 3 . * * * There are significant small to medium positive relationships between television viewing and waist circumference, triglycerides, percent body fat, and systolic blood pressure (r = .273-.311, p = .009-.027) and a significant small negative correlation with high-density lipoprotein cholesterol (r = -.259, p = .032). Correlations approached significance between television viewing and the variables body mass and BMI (r = .206-.213, p = .077-.087). Significant small relationships were noted between time spent reading and fasting blood glucose (r = -.251, p = .039) as well as eating and percent body fat (r = -.306, p = .010). The specific SB of computer time and transportation were not significantly related to health variables. Total self-reported SB demonstrated significant medium positive relationships to body mass and waist circumference (r = .403-.415, p = .000) and a significant negative small correlation with high-density lipoprotein cholesterol (r = -.241, p = .046). The relationship between total reported SB and BMI approached significance (r = .213, p = .077).
Due to limited findings observed between reading, eating meals, computer, transportation and health variables the remaining results section focuses on examining cardiovascular health variables related specifically to television viewing and overall time engaged in SB. A one-way ANOVA was conducted to determine if differences in health occurred across tertiles of television watching (low ‡=p<.05 between low and high SB for Body mass and waist circumference.
Notes. SB = sedentary behavior; Low SB, n=25: ≤590 minutes/day; Moderate SB, n=24: 591-670 minutes/day; High SB, n=21: ≥671 minutes/day; BMI=body mass index; WC=waist circumference; SBP=systolic blood pressure; DBP=diastolic blood pressure; LDL=low density lipoprotein; HDL=high density lipoprotein; TG = triglycerides; FBG=fasting blood glucose; TC=total cholesterol. Data is presented as mean ± SD.
To determine whether individual SB and overall SB time differed across low (n=8), moderate (n=41), and high (n=21) risk individuals for CVD a one-way ANOVA was performed and the results are displayed in Figure 4 . There were significant differences at the p<.05 level for television viewing [F (2,67) = 4.158, p=.020, eta squared = .11]. Post-hoc comparisons using Tukey HSD test determined significant differences suggesting low risk individuals spend significantly less time watching television (58. significance, p = .053. There were no significant differences in time spent with reading, transportation, computer, eating meals, and overall SB across CVD risk (p = .148-.744). Notes: Participants were determined low risk if they had <2 positive risk factors for cardiovascular disease, moderate risk if they had ≥2 positive risk factors for cardiovascular disease, and high risk if they had known cardiovascular, pulmonary, or metabolic disease and/or major signs/symptoms suggestive of cardiovascular, pulmonary, or metabolic disease according to the American College of Sports Medicine.
Discussion
The present study uses self-report diaries to explore the specific SB of OA as well as investigate whether specific SB or the total time engaged in SB is negatively associated with health. The general findings suggest OA engaged in approximately 16 different SB. The most frequent reported SB were watching television, using the computer, eating meals, reading, and sitting in a vehicle for transportation. The specific SB of television watching was positively associated with approximately four risk factors for CVD: dyslipidemia determined by triglycerides and high-density lipoproteins, obesity established by waist circumference and percent body fat, and hypertension relating to systolic blood pressure. Total SB was associated with only two risk factors associated with CVD: obesity measured by waist circumference and dyslipidemia determined by high-density lipoproteins. These are important findings suggesting that time spent watching television as well as overall time engaged in SB may contribute to positive risk factors for CVD in OA.
The OA in the current study engaged in SB for approximately 63% of the time they reported being awake. There was commonality between the reported behaviors in the present study and those described in the American Time Use Survey (Bureau of Labor Statistics, 2008) in which OA were asked to describe the activities they engaged in on an average day. The survey found that OA spend a majority of the day watching television (54.5%), reading (12.5%), socializing with others (11%), and relaxing (9%), which could be assumed SB by definition (Owen, Leslie, Salmon, & Fotheringham, 2000; BLS, 2008; Pate, O'Neill, Lobelo, 2008) . After examining SB diaries, watching television was also gleaned to be the most engaged in behavior, however OA in the present study only watched approximately 2.5 hours per day (15.6% of their awake-time). Reading was the second most cited behavior and OA reported spending about 10.6% of their awake-hours engaged in this behavior, which was similar to the American Time Use Survey. Other common behaviors like socializing and relaxing were reported less frequently in the present study, with only 3% of time awake spent socializing in a sedentary fashion and <1% of the day relaxing. These differences are most likely due to the specificity of the SB diaries and the question format of the American Time Use Survey. Despite methodology differences both study results suggest OA engaged in SB for a large portion of their day, especially in the form of watching television.
In younger and middle-aged populations, total time engaged in SB measured objectively with accelerometry as well as time watching television when used as a surrogate measure of SB is observed to be related to a number of health conditions such as impaired fasting blood glucose (Dunstan et al., 2004; Dunstan et al., 2007; Healy et al., 2008; Chang et al., 2008) , obesity when determined by BMI, waist circumference, skinfold assessment, and dual x-ray absorptiometry (Tucker & Friedman, 1989; Tucker & Bagwell, 1991; Ching et al., 1996; Fung et al., 2000; and lower high-density lipoproteins, excess body fat and increased waist circumference and elevated systolic blood pressure.
Total SB was positively related to body mass and waist circumference and as OA engaged in ≤9.8 hours per day to ≥11 hours per day of SB, body mass and waist circumferences increased 12.7kg and 12cm, respectively. Television watching negatively impacted more health variables (e.g., increased body mass, triglycerides, percent body fat, systolic blood pressure, and lower high-density lipoprotein cholesterol) than total SB, even though television viewing represented only a small fraction of the total reported SB, ≤2.5 hours per day. These relationships were further supported when health variables were compared across low, moderate, and high volumes of television viewing (low, ≤1.5 hours per day to high, ≥2.9 hours per day). There were significant increases in body mass (11 kg), triglyceride values (42 mg/dL), body fat percentage (8.2%), and systolic blood pressure (10 mmHg) across these three volumes of television viewing.
Overweight or obesity and hypertension are the most prevalent risk factors for CVD in OA and the present study observed total SB and television viewing to relate to both of these risk factors (National Center for Health Statistics, 2003) . The additional relationships between television time and various blood lipids and systolic blood pressure is concerning as they are also positive risk factors for CVD. The differences in these variables across volumes of SB and television time are enough to move OA out of optimal/desirable healthy ranges into abnormal/undesirable categories potentially contributing to the progression from low and/or moderate risk to high risk for the development of CVD. These findings are further supported when time watching television was compared across the OA categorized as low, moderate, and high risk for CVD. The low risk OA watched approximately two hours less television than those categorized as being high risk for CVD. Even though significance was not observed (p=.053) there was approximately an 88 minute difference in time watching television between the low and moderate risk OA. These findings are of paramount importance, with CVD representing one of the leading causes of death for this population (Heron, 2010) .
The overall findings of this study suggest that watching television and/or engaging in large amounts of total SB is negatively associated with health of OA. To date the cause and effect relationships between these behaviors and health have not been determined. Some postulated mechanisms regarding SB and health suggest the reduced muscle activity accompanying SB may lead to the development of dyslipidemia due to lack of muscle contractions altering lipoprotein lipase activity and the blunting of GLUT 4 activity, reducing the ability to bring glucose effectively into the muscle (Bey & Hamilton, 2003; Zderic & Hamilton, 2006; Hamilton, Hamilton, Zderic, 2007) . The adverse health changes relating to television watching is hypothesized to occur because it is one of the lowest energy expending activities compared to other SB (e.g., writing and playing games) (Ainsworth et al., 2000) . Additionally people tend to engage in other behaviors like eating while watching television, often consuming more than average amounts of food and/or higher calorically dense foods that may lead to weight gain and/or increases in body fat (Hu et al., 2003) . However, more research is necessary to determine the cause of these physiological changes related to SB in OA.
The present study adds to the current literature examining SB and its impact on health in OA. Individual SB typically engaged in are portrayed as well as whether relationships exist with an individual's risk factors for the development of CVD. These findings contribute to the need for more interventions to reduce total SB in OA through decreasing time watching television. The present study is not without limitations. The study was a cross-sectional examination of the specific types of SB and how they may impact the health of OA. As a result the cause and effect relationship between television and total SB impact cannot be established. The methodology of assessing SB was self-report and estimations of time spent in these behaviors are dependent of the participant adhering to the diary procedures.
Conclusion
The results of the present study provide a description of commonly performed SB of OA and suggest total SB and the specific act of television watching to be influential on multiple health variables relating to OA overall risk of CVD. Because CVD is highly prevalent in the OA population further investigation on the impact of these behaviors and health is warranted. Interventions designed to reduce overall SB and especially television watching may lead to positive changes in OA health.
